The objective was to evaluate the bone mineral density (BMD) and bone mineral content (BMC) in children affected with molar incisor hypomineralization (MIH) using dual-energy X-ray absorptiometry (DEXA) scan.
Introduction
Enamel is a highly mineralized tissue of ectodermal origin with inability to repair postmineralization. It is laid down by specialized cells called ameloblasts which are highly sensitive and even minimal insults during the period of enamel formation Original Article hypersensitivity, pain, and behavioral problems have made clinical management very challenging. [4] MIH-affected teeth typically represent a poor mineralization of the enamel. The affected enamel is with low Ca: P ratio and high carbon content. [5, 6] Fluoride content is highly variable, and surface layers may show higher fluoride content owing to its posteruptive absorption from saliva. The affected enamel also has higher than normal amounts of sodium, potassium, and magnesium. A normal, unaffected tooth has a higher concentration of minerals at surface compared to dentinoenamel junction, while in a MIH-affected tooth, this order is reversed. [6] The content of protein in MIH-affected enamel is higher than a normal enamel. [7] The minerals such as calcium and phosphorus are essential for the process of enamel maturation. [8] Enamel formation of permanent first molar starts in the third trimester prenatally. It is completed by the age of about 2.5-3 years. [9] Bone formation is a continuous process and is quite similar to enamel formation with regard to the predominance of calcium and phosphorus minerals. [10] MIH, which is a qualitative defect of enamel formation, has been suggested to be indirectly associated with the bone mass of an individual. [11] The present investigation was planned with an objective to evaluate the bone maturation parameters (bone mineral density [BMD] and content) in children affected with MIH.
Materials and Methods
The study sample consists of a total of 30 children, 15 diagnosed with MIH and 15 unaffected controls selected from children aged 6-10 years, attending the Outpatient Unit of Pediatric and Preventive Dentistry. Inclusion criteria for samples were MIH-affected children (moderate and severe variety), age ranges between 6 and 10 years, and those giving consent for their participation in the study.
Ethical clearance was obtained from the Institute Ethics Committee (INT/IEC/2017/747) before the commencement of the study. The parents were informed about the objectives of the study, and written informed consent was obtained from all the participants. They were explained about the possible risk associated with dual-energy X-ray absorptiometry (DEXA) scan and benefits of preventive assessment of BMD and bone mineral content (BMC), as it can help to assess the risk of developing osteoporosis and bone fracture. European Academy of Paediatric Dentistry 2003 criteria was used to diagnose the children affected with MIH by a calibrated evaluator, and only those having moderate and severe variety of MIH were selected. [12] 
Measurement of bone mineral density and content
The selected children in two groups were matched with respect to mean age, height, weight, and gender.
DEXA scan was carried out for all the patients at the department of radiodiagnosis and imaging, PGIMER, Chandigarh, under standard conditions (Hologic, Horizon DXA system, Auto whole body fan beam, version 13.4.2., USA). BMD was measured over a projected area (bone area) in the scan. BMC (bone mass) was derived multiplying BMD by bone area. The subtotal (total body except head) results are recommended by the International Society for Clinical Densitometry for the evaluation of childhood skeletal disorders. [13] Therefore, subtotal BMD and BMC were measured for all the selected children. In addition, BMD and BMC were also determined at lumbar spine and thoracic spine locations. Children with less than normal BMD and BMC for their age were further referred to the Advanced Pediatric Centre, PGIMER, Chandigarh, for needful.
Statistical analysis
MS Excel (Microsoft corporation, Redmond, WA, USA) was used to enter information in a database. SPSS version 21.0, IBM Corp., Armonk, NY, USA, software was used for statistical analysis. Qualitative data were described as frequencies and rates/proportions analyzed for its association with the groups using Chi-square test. Quantitative data were presented as mean ± standard deviation and analyzed using Student's t-test or Fisher's exact test where indicated. All statistical tests were performed at a significance level of P = 0.05.
Results
The results revealed that MIH and control group children did not differ significantly in terms of mean age (years), height (cm), weight (kg), and gender [ Table 1 ]. There was a positive association between childhood illness (birth to first 3 years of life) and MIH [ Table 2 ]. BMD and BMC did not differ significantly between MIH and control group [ Table 3 ].
Discussion
Enamel and bone both are made up of hydroxyapatite, and their maturation is quite similar to each other with calcium and phosphorus being the principal minerals. Despite the availability of vast amount of research, in their study found a positive association between decreased bone mass and dental hypomineralization. [11] Thus, the present study was carried out with an aim to evaluate the BMD and BMC in children affected with MIH, a qualitative defect of enamel formation.
A thorough clinical history of the selected children revealed that more number of children affected with MIH had childhood illness in the first 3 years of life compared to controls. Enamel formation of permanent first molar and incisor starts at 8 months intrauterine and is completed by the age of 2.5-3 years, therefore, an insult to ameloblasts during enamel formation due to a medical condition or any other contributing factor leads to a formative defect in these teeth. [13] They can also affect the overall growth of the child resulting in delayed bone growth and maturation which may reflect in its mineral content and density. Therefore, both enamel as well as bone formation may get affected due to childhood medical conditions.
The subtotal BMD and BMC, that is, total body minus head better reflects an overall BMD and BMC of a young child, as the head is disproportionately larger in young child and may mask deficits at other skeletal sites. [14] An analysis of thoracic and lumbar spine for mineral content and density also gives very reliable and consistent results. [15] In the present study, the selected children in MIH and control group did not differ significantly in terms of mean age (years), height (cm), weight (kg), and gender which can significantly affect the bone formation and maturation. There was no statistically significant difference between MIH and the control group children, with respect to bone maturation parameters. This can be attributed to duration of period over which bone is formed compared to enamel formation. Bone formation is a continuous process characterized remodeling throughout the life, whereas enamel is formed over a small period of time and is not characterized by any repair mechanism. Therefore, enamel is more prone to developmental disturbances compared to the bone.
This cross-sectional analysis has not found any difference in BMD and BMC between MIH and control children. This can be attributed to the age group (6-10 years) of selected samples, as the present study was not assessing the bone maturation during the critical period of enamel formation in MIH-affected children. These children may have a bone development problem in the past, but it may not be persistent at present. In other words, if there had been a systemic event, the bone may have recovered, or possibly was never affected. Hence, the best way to study the effect of bone-related parameters on enamel maturation would be a prospective trial which is difficult to carry out.
Conclusion
Bone maturation parameters (BMD and BMC) do not differ between MIH affected and control children. Childhood illnesses in the first 3 years of life were more common in MIH-affected children compared to controls.
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